The safety of electrical vehicle involves three aspects, battery industry, charging industry and vehicle industry. Wireless charging system works on the basis of electromagnetic induction principle. The magnetic field is generated when the current flows through the primary coil. Meanwhile, the secondary coil near the magnetic field produces induced current. In the process of energy transmission, magnetic field leakage may affect the devices and human body around the system. If the field strength reach a certain threshold, it may result in harmful effects on human body. In this paper, the existing wireless charging related standards are summarized and the impact of wireless charging system on human health is analyzed by comparing the magnetic radiation generated by wireless charging system with general public exposure reference limit.
INTRODUCTION
As the global environment and energy problem getting more and more critical, it is extremely necessary to develop and popularize new energy vehicles such as electric vehicles, and this will lead to higher requirement on the experience of charging convenience. Compared with the contact charging mode, the wireless charging system has its unique advantages in convenience, safety, reliability, etc [1] . Meanwhile in the developing trend of future intelligent, electric of new energy vehicle, wireless charging system will become the key to the full autonomous self-driving vehicles. .
Along with the development and promotion of vehicle's wireless charging system, the potential electromagnetic field exposure to the environment and users attract public concerns. Together with the internal coupling of wireless charging system, there also exists coupling with external environment, such as human body, chassis and other parts, which may cause adverse effects. The American society of automotive engineers (SAE) set the frequency band of 81.38 to 90 kHz for light-duty plugin/electric vehicle. To protect from magnetic field over-exposure, most of the developed countries formulate local laws and regulations on the basis of ICNIRP Guidelines and IEEE standard [2] . Chinese standard concerning the protection from WPT magnetic field exposure is drafting, which is one of a series of regulations and standards related to wireless charging system. _________________________________________ Firstly, this paper summarized the existing wireless charging standards. And then according to the general public reference level, a variety of monitoring data is analyzed for studying the potential impact to human body from wireless charging system.
PRINCIPLE OF WIRELESS CHARGING
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Wireless charging, also known as induction charging, non-contact charging, just as its name implies, means there is no cable connection when the vehicle is in charging process. Generally, there are three ways of wireless power transmission, electromagnetic induction magnetic resonance and radio waves. Their working principles are shown in table 1 [3] .
Each method has its own advantages, but due to its lower power capacity, higher energy consumption, the radio waves method is not suitable for vehicle's charging, while electromagnetic induction and magnetic resonance methods based induction wireless charging solutions are developed for years and commercially available at present. 
Working principle Principle Electromagnetic induction
Current flows through a coil, the coil generate magnetic field, the nearby coil produce induced electromotive force, then produce current
Magnetic resonance
The sending end and the receiving end have the same resonance frequency, power transmission by resonance effect Radio waves Convert electromagnetic field of environment to current
WIRELESS CHARGING STANDARDS

International Wireless Charging Standard
There are three kinds of mainstream wireless charging standards, QI standard, PMA standard and A4WP standard [4] .
Qi standard was published by wireless power consortium (WPC), the first standardization organization to promote wireless charging technology. Convenience and universality are Qi's two major characteristics. Different brands of products can use the same wireless charger, as long as they have the same Qi logo. Secondly, Qi standard overcome the technical bottlenecks of wireless charging compatibility. In the near future, mobile phones, cameras, computers and other products can be charged by using Qi wireless charger, providing possibility for large-scale application of wireless charging. Qi standard adopts the most mainstream technology, electromagnetic induction [5] .
PMA standard was sponsored by Duracell Powermat. The company is a joint venture of two companies, Procter & Gamble and Powermat (wireless charging technology company). At present, three companies have joined the alliance of PMA, AT&T, Google and Starbucks. PMA alliance devotes itself setting wireless charging standards for cellphones and electronic equipment that conform to IEEE association standard. The charging method in PMA standard is also based on electromagnetic induction principle.
A4WP standard was established by Wireless Power Consortium founded by Qualcomm, Samsung and Powermat. The alliance also includes members, such as Win Industries, Gill Industries, Peiker Acustic and SK Telecom. The alliance aims at setting up technical standards and industry dialogue mechanism that suitable for electronic wireless charging equipment including electrical vehicles. A4WP achieves wireless charging based on magnetic resonance principle.
Wireless Charging Standard of Electric Vehicle Industry
International standard
The American society of automotive engineers (SAE) published wireless charging technology standard SAE TIR J2954 for PHEV and EV industry, and this standard was the first industry standard, Which has its pioneering significance [6] .
This standard describes the wireless power transfer (WPT) classes, as WPT1 to WPT4. Minimum efficiency targets are defined for each class, as shown in table 2. In this SAE standard, the nominal operating frequency of WPT system is 85 kHz (Tuning band: 81.38 to 90 kHz). Once the frequency band of wireless charging system defined, wireless charger can be compatible with charging equipment of other vehicle manufacturers and charging stations. At present, only two levels of the four charging levels are determined, the other two may be used in the future. The capacity of WPT1 is 3.7kW, and WPT2 is 7.7kW. WPT3 and WPT4 are defined as 11.1 kW and 22 kW, respectively. In general, the typical wireless charging power of passenger car is 3.7kW (WPT1), and the second level (WPT2) used in public passenger vehicles such as taxies. In fast charging occasion, it is usually charged with the third and fourth level.
Currently, there are 29 automotive enterprises support SAE J2954 standard, including 11 automotive OEM (original equipment manufacturer), such as General Electric Company (GE), Ford, Toyota, etc., and 4 commercial vehicle, 14 component enterprises. The standardization of wireless charging technology is the first step to promote wireless charging technology. Next, it is necessary to emphasize on solving the compatibility problem of different systems.
Chinese national standard
As the basic technology for the intelligent development of electric vehicles, wireless charging also attracts attention from the scientific community and automobile industry. After adequate preparation and research, china started the formulation of several national standards successively, such as Electric vehicle wireless power transfer system General requirement, Electric Vehicle Wireless Power Transfer Specific Requirement, Limits and test methods of electromagnetic exposure for electric vehicle wireless power transfer system.
In the draft version of national standard， the limit value of electromagnetic exposure to humans and implanted medical devices are specified. There are also some relevant provisions about the test equipment, test method and charging state in this draft. According to the draft, electric and magnetic fields shall comply with the guidelines for General Public EMF exposure reference level in ICNIRP 2010 [7] , as shown in table 3. For operating frequency from 81.38 to 90kHz, the EMF emission limit in this standard for protecting implanted medical devices are given in Table 4 [8] .
MEASUREMENT OF MAGNETIC FIELD RADIATION FOR WIRELESS CHARGING SYSTEM
Based on SAE J2954 and draft version of national standard, electromagnetic radiation generated by wireless charging system is measured and analysed in this chapter.
Test Equipment
The magnetic field measurement probe Narda ELT-400 (Figure 1 ) is used to evaluate the magnetic field exposure. The frequency band of this device is 1Hz to 400 kHz, which meet the standard requirements of ICNIRP 1998 general public exposure limit and occupation exposure limit. Regardless of wave form and frequency, the exposure index can be directly displayed in the form of percentage. 
Emf Regions
The EMF measurement regions are illustrated in Figure 2 . These regions are determined based on SAE J2954 and the draft version of national standard.
Results
The electromagnetic field (EMF) was measured using NARDA ELT-400 and expressed in µT. Compared the mean square magnetic field strength obtained at each one of the positions previously described, the results show that the maximum value of magnetic field strength outside of the vehicle is 1.758μT, from the test point near primary coil. The maximum magnetic field strength inside the vehicle is much lower, down to 0.25µT, from the test point close to the foot region near secondary coil. The EMF generated by the wireless charging system under test is well below the reference level specified in the standards mentioned above. The environmental and user's exposure safety can be guaranteed.
Magnetic and electric field measurements should be recorded from the head (A), chest (B), seat cushion (C) and foot (D) for each seat. See Figure 3 
CONCLUSION
In this paper, researches have been made with respect to the problem electromagnetic safety protection of wireless charging system. Based on the existing standards, test plans are developed to measure electromagnetic radiation of wireless charging system. The results show that the EMF generated by the typical wireless charging system is below the public exposure reference limit.
